Introduction
Mononuclear alkynyl(alkoxy)carbene complexes have been extensively investigated and successfully applied as versatile tools in organic synthesis [1] . Particularly interesting are nucleophilic addition to the triple of the alkynyl moiety, since they provide an easy and direct way to form new C-X bonds (X = N, O, P, S) and generate alkenylcarbene complexes which, in turn, promote cycloaddition reactions [2] . Extension of these investigations to di-and polynuclear transition metal complexes have been, so far, more limited, in spite of the awareness that two or more metals can cooperate in catalytic transformations have the possibility to promote new processes unknown for the metals alone [3] .
We have previously described the synthesis and chemistry of diiron complexes containing alkynyl methoxy carbene ligands: [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO){C(OMe)C≡CR'}(Cp) 2 ] [SO 3 CF 3 ] . Their reactivity towards primary and secondary amines, as well as carbon nucleophiles, has been described in details [4, 5] . Herein, we report on the extension of these studies to other protic nucleophiles (i.e. imines, thiols, carboxylic acids and alcohols).
Results and Discussion
The reaction of the alkynyl methoxy carbene complex [Fe 2 {µ-CN(Me)(Xyl)}(µ- The IR spectrum of 2 shows a terminal and a bridging ν(CO) at values typical for a cationic complex (i.e. 1987 and 1811 cm -1 ), whereas two bands at 1603 and 1570 cm -1 are attributable to the C=N stretching of the imine and the bridging aminocarbyne, respectively. The NMR data indicate the presence in solution of a single species; thus, the addition of Ph 2 C=NH to the C≡C bond in 1 is completely regio and stereoselective. It has been reported that imine addition to mononuclear alkynylcarbene usually affords the Z isomer [6] . Conversely, our previous studies on the addition of primary and secondary amines to 1 indicate that the E isomers are prevailing [4] . The similarities between of the C β -H resonance of 2 (at δ 6.40 ppm) with those of the products obtained by amine addition, suggests that also 2 adopts the E configuration. The 13 C NMR spectrum of 2 shows resonances typical for the bridging aminocarbyne (δ 334.0 ppm), and for the bridging and terminal carbonyls (δ 260.3 and 213.8 ppm, respectively). The carbene carbon C α resonates at 312.0 ppm, whereas the resonances of C β and C γ fall within the typical range for olefinic carbons (δ 121.6 and 147.5 ppm, respectively); finally, the imine carbon resonates at δ 167.9 ppm.
In a similar way, PhSH adds regioselectively to the C≡C bond in 1 affording the 2- (3), (Scheme 2) in good yields (80 %).
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The IR spectrum of 3 presents ν(CO) at 1989 and 1813 cm -1 , which are consistent with its cationic nature. The NMR spectra indicate that two isomers are present in solution in similar concentration (isomers ratio = 1.2 : 1). Addition of thiols to alkynyl alkoxy carbenes is, generally, not stereoselective, but results in a mixture of E and Z isomers [7] . Considering the fact that the major isomer of 9 shows δ(C β -H) at 6.29 ppm, whereas it resonates at δ ca. 6.99-7.64 ppm in the minor isomer, it is reasonable to assign an E configuration to the former and Z to the latter (Scheme 3). The 13 C NMR spectrum of 3 shows two sets of four resonances at low fields (δ 332.5, 317.0, 260.5, 211.9 E-3; δ 332.2, 310.2, 259.6, 211.6 Z-3) due to the bridging aminocarbyne, the terminal alkenyl methoxy carbene and the bridging and terminal CO, respectively.
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Attempts to separate the two isomers of 3 by column chromatography on alumina resulted, instead, on its demethylation (Scheme 4) and the neutral 2-(phenylthio)alkenyl acyl complex (4), was isolated in satisfactory yields (75 %).
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The molecular structure of 4 has been determined by X-ray diffraction ( Figure 1 and Table   1 ). The structure of 4 can be discussed in terms of two moieties, i.e. the diiron fragment Fe 2 {µ-CN(Me)(Xyl)}(µ-CO)(CO)(Cp) 2 and the terminal 2-(phenylthio)alkenyl acyl ligand
The former is essentially unchanged respect to the parent compound 1 [4] , and its stereochemistry is similar to the one found in analogous diiron and diruthenium aminocarbyne complexes [8, 9] . The Fe(1)-Fe(2) interaction [2.4896(12) Å] is typical for a single bond, and the Cp ligands assume a cis arrangement respect to the Fe 2 (µ-C) 2 core. The C(13)-N (1) interaction [1.314(6) Å] shows some double bond character and, thus, the bridging aminocarbyne ligand can be alternatively described as a µ-iminium. The Xyl substituent on µ-CN(Me)(Xyl) is on the same side of the terminal CO, as found in 1. The µ-CO ligand displays a marked asymmetry 
Figure 1
Molecular structure of the cation 4, with key atoms labelled (all H atoms, except H(24), have been omitted). Displacement ellipsoids are at 30% probability level.
Table 1
Selected bond lengths (Å) and angles (°) for complex 4. (6) Fe (1)-C (12) 1.827(6) C(23)-C(24) 1.480 (7) Fe (2)-C (13) 1.890 (5) C(24)-C(25) 1.333 (7) Fe (1)-C (13) 1.815 (5) C(25)-S (1) 1.802 (6) Fe ( (6) C (11)-O (11) 1.157 (6) C(25)-C(32) 1.470 (7) Fe ( since the presence of a base is usually required for obtaining the addition of carboxylic acids to alkynylcarbene complexes [10] . The 2-(acyloxy)alkenyl methoxy carbene complex [Fe 2 {µ- (5), is, therefore, obtained in high yields (95 %) after removal of all the volatiles under reduced pressure.
Scheme 5
The IR spectrum of 5 indicates that it maintains a cationic nature (ν(CO) 1993 and 1820 cm -1 ) and addition of MeCO 2 H is indicated by the strong ν(OCOMe) band at 1759 cm -1 . The NMR data
shows that a single species is present in solution and, thus, the addition is regio and stereoselective.
The δ(C β -H) resonance at 7.05-7.48 ppm suggests a Z configuration for the double bond, and this is also the stereochemistry usually observed for this class of reactions [1, 10] . The new 2-(acyloxy)alkenyl methoxy carbene ligand displays typical resonances in the 13 C NMR spectrum, i.e.
δ 314.5 (C α ), 130.5-125.7 (C β and C γ ), 169.0 (OCOMe) and 21.4 ppm (OCOMe).
As observed for 3, also 5 is converted into the 2-(acyloxy)alkenyl acyl complex [Fe 2 {µ- (6), (Scheme 6). The loss of cationic character in 6 is consistent with the lowering of ν(CO) (1967 and 1771 cm -1 ) compared to 5. The NMR spectra indicate that no isomerisation of the C=C double bond has occurred and, thus, only the Z isomer is present in solution (the configuration of the double bond has been assigned on the basis of comparison with NMR data of analogous species and NOE studies).
Finally, addition of PhOH to the C≡C bond of 1 can be obtained only in the presence of a large excess of Et 3 N; no reaction was, in fact, observed, in the absence of base as a consequence of the minor reactivity of PhOH compared to the other nucleophiles considered. The reaction is accompanied by demethylation and, thus, the 2-(alkoxy)alkenyl acyl complex [Fe 2 {µ- (7) is formed (Scheme 7).
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Compound 7 has been characterised both in solution by spectroscopic methods and in the solid state by X-ray diffraction studies (Figure 2 and Table2).
Figure 2
Molecular structure of the cation 7, with key atoms labelled (all H atoms, except H(24), have been omitted). Only one of the two independent molecules is represented. Displacement ellipsoids are at 30% probability level.
Table 2
Selected bond lengths (Å) and angles (°) for complex 7. The Z configuration of the double bond is maintained in solution as confirmed by NOE experiments. Thus, irradiation of the Tol doublet at 7.44 ppm generates a strong enhancement of the C β -H resonance (δ 6.84 ppm). The 2-(alkoxy)alkenyl acyl ligand shows typical signals in the 13 C NMR spectrum at δ 262.2 (C α ), 126.2 (C β ) and 138.6 ppm (C γ ).
Finally, it has to be outlined the easy by which the compounds obtained from addition of O- 
Conclusions
The results above described, toghether with those previously reported on the reactions with amines and carbon nucleophiles well demonstrate that coordination at the diiron cationic frame 
Experimental
All reactions were carried out routinely under nitrogen using standard Schlenk techniques. Solvents were distilled immediately before use under nitrogen from appropriate drying agents. Infrared spectra were recorded on a Perkin-Elmer Spectrum 2000 FT-IR spectrophotometer and elemental analyses were performed on a ThermoQuest Flash 1112 Series EA Instrument. All NMR measurements were performed on Varian Gemini 300 and Varian Mercury 400 instruments. The chemical shifts for 1 H and 13 C were referenced to internal TMS. The spectra were fully assigned via 1 H, 13 C correlation measured using gs-HSQC and gs-HMBC experiments [11] . Monodimensional NOE measurements were recorded using the DPFGSE-NOE sequence [12] . [4] which was prepared by published methods. (C β H +C-H arom), 92.4, 88.6 (Cp), 63.8 (OMe), Table 3 . The diffraction experiments were carried out on a Bruker SMART 2000 diffractometer equipped with a CCD detector using Mo-Kα radiation. Data were corrected for Lorentz polarization and absorption effects (empirical absorption correction SADABS) [13] . Structures were solved by direct methods and refined by full-matrix least-squares based on all data using F 2 [14] . Hydrogen atoms were fixed at calculated positions and refined by a riding model. All non-hydrogen atoms were refined with anisotropic displacement parameters, unless otherwise stated. The CH 2 Cl 2 molecule in 4·CH 2 Cl 2 is disordered. Disordered atomic positions were split and refined isotropically using similar distance and similar U restraints and one occupancy parameter per disordered group. 
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